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Photopolarimeter-Radiometer (PPR) 200-kimn resolution maps of daytime temperatures on Ganymede
show the expected anticorrelation with albedo, but morning temperatures are about 10 X warmer
than expected. Furopa has a subsolar temperature of 128 K, and a lower eflective thermal inertia
than Ganymede or Callisto, and lo’s night side is cooler than predicted by recent models, perhaps
requiring revision of heat flow estimates. Temperature maps show that the lowest 250- mbar tem-
peratures in the Great Red Spot generally correspond to the visually darkest regions. Temperatures
remain cold north of the GRS, but they rise by as much as ~6 K to the south over the 2800-kmn
PPR yesolution. A visually bright region northwest of the GRS was also relatively cold. We suspect
the influence of NHy cloud opacities on the determination of the 500-mbar temperature ficld which

appears qualitatively diflerent.




The Galileo Photopolarimeter- Radiometer (PPR) experiment was designed to cover a broad
wavelength range (410 mn Lo more than 15 yan wavelength) in order to produce a synoptic set of
measurements on properties of cloud particles, teinperature variations, and local radiation budget
in Jupiter, and to provide informmation on satellite suwrface characteristics (1), This first report
on PP observations of the Jovian system during the primary orbital mission will concentrate on

measurcinents of thermal infrared radiometric propertics of the satellites and Jupiter.
Ganymede

We napped the 17-pon brightness temperatures over the inorning and midday portions of
Ganymede's southern hemisphere (I9g. 1) with 200-km (~d4.5° latitude) spatial resolution, substan-
tially better than the 500-kim resohation Voyager TRIS thermal maps of Ganymede (2). A strong
anticorrelation between albedo and tenperature is evident, which was also seen at lower spatial
resolution by Vovager. The magnitude of the temperature variations is roughly consistent with the
variation in absorbed sunlight, assiming surface thermal inertia is constant. with albedo. Twoitial
inspection does not reveal any temperature variations uncorrelated with albedo. Maximum bright-
ness temperature is 152 K, shortly after noon in the equatorial portions of Galileo Regio, compared
to maxinnn Voyager TRIS 17-0n brightness temperatures on this hemisphere of Ganymede of
119 K (2), This small discrepancy can be accounted for by the lower albedo of the region at the
subsolar point. and Ganymede’s slightly simaller heliocentrie distance, compared with the Voyager
observations. Voyager observed the afternoon cooling curve only: the PR map provides our first
view ol the morning heating curve. Morning temperatures are more than 10 K warmer than pre-
dicted by I-layer, 2-layer, or 2-component models fitted to Vayager data and groundbased cclipse
cooling data (2), so substantial revision of our understanding of Ganymede’s thermal properties
will probably be necessary. Fxtensive nighttime observations of Ganymede's thermal emission were

also obtained, but these have not vet been fully 1 edviced.
Fuaropa

1°1 *Ralso provided the {irst measurements of the subsolar  emperature on Furopa. Observations
at 37 g along a J00-km (15%-wide) strip give a subsolar brightness temperature of 128 K, which,

when combined with Voyager 2 obscrvations of the cquatorial evening terminator temperature,




about 90 K, can be fit with a homogencons thermophysical model with a bolometric albedo of

O.(ii; and athennalinertia of 2.6 x 10”7 erg 13012 s /7 10!

Although the homogen cous model
ienores vrobable vertical and horizontal variat ions of t her mal proporerties as wey | as subsurface
sunlich it penctration (1), it does allow comparison with the other icy Galilean satellites, which
have significantly higher homogenicons-model thermal inert 1as: 7 x 101 for Ganymedeand 5x 10"

[or Callisto, derived from Voyager data (1), This unusnally low thermal inertia may be related to

the nnusually high regolith porosity inferred frony photometry of Furopa (b).
Jo

PPR observations of 10 included thie first global observation of To’s nightside thermal cinission.
Fquatorial trailing-side 37-70n brightness temperat ures at a localtime near 9 v, averaged over the
I 600-kin (509} ficld of view. arcinther ange §() -85 1<. T'his is consistent with Voyager observat ions
of smaller regions on the nighiside (6). However, volcanie heat flow e stimates by Veeder et al. (7)
assumed that 80% of To’s surface had a diure nally- constant t emperatie of about 109 K. Assurning
an emissivity of 0.9 this would give much higher nighttime 37-m brightness temperature of 101 K,
plus an additional substantial contribution from the hot spots. The low nighttime thermal enndssion
suggeests that more of the absorbed sunlight is re-radiated from the day side. 21111 thusthatless Of
the dayside emission is due to volean ic heat than assumed by Veeder ef al. Fstimates of voleanic

heat flow may thus require revision.
Jupiter

I'he relative length of the GT encounter period enabled the large Great Red Spot (GRS) feature
to be mapped, in a strategy which coordinated synoptic obscrvations by all four remote sens-
ing. instruments. The PPR derived the tropospheric temperature field of the GRS and vicinity.
The temperature sounding experiment uses four discrete filters whose eflective wavelengihs are at
approximately 15, 22, 25 and 37 jom (660, 150, 405 and 270 e 1), respectively (1), At these
wavelengths, the opacity of the atinosphere is dominated by the collision-induced absorption of He.
Beeause o is well mixed, the ontgoing thermal radiance can be inverted to retrieve the kinetie
ternperature field. The filter selection provided as wide a vertical range of atmospheric sampling as

possible, with the peak of the outgoing thermal radiation in cach channel ranging from levels of 200




fill’oll~, 11 700 mbar total pressure(8). The 250-mbart emperature ficldwasdetermined largely by the
e sured radiance Helds at 105022 and 25m, and the 500-mbar temperature field was determined
larecly by the micasured radiances at 22 and 37 g, The P-2NQ()-kill {2.2%ongitude) diameter ficlds
of view resolve the GRS about two times better the ay the Voyag er IRTS zonal and me idi onal scans
(9.10). abont the same as the Voyager TRIS map of its interior (9), and about two times better

than diffracticn-limited ground-based tc:lescopes suchas the 3-m NASA Infrarved Telescope Facility

near 20 pm (12).

The 250-mb armap (Fig. 2) clearly shows that the GRS is cold withrespect to its surroundings,
T'he coldest temperatures in the center are about 10701 K, with variations t hat (] () not ¢ xceed
t he expected meas v rement uncertainties.  This temperature minimun arca is confined 1,() 314 -
328°W longitude. cast and west of which the temperatures rise to values of ~113:0 1 1{ ina broad
axisyrnmetric region between Y1 - 23° S knowrn as the South ‘Tropical Zone (S1vZ). The location
ol the steepest zonal (Ciast-west) © hermal gradient corresponds 10 the location of the innermost
darkarcaof the 11()-11111 imageof the GRS, Tothe 11010111 of thisdarkarea, however. temperatures
remainas cold as at the ¢ enter, although over a nar1-ower longitude rimee of 318 - 324°W."To the
sout h, on the other hand., temperatures rise to vead ues of 1 141K, with the st ceprest gradient n()
further souththan 37°S and just 11[)1'11) of thevisuallydarkringsurrounding the GRS, Relatively
warmn (116 - 119 1<) temperatures arcapparent cast of 308°W loneitude and north of 14oSlatitude,
andthe warmesttemperatures (11 7120 K) are evidentwest of 338°W and north of 12° S in the
extended region map. These are both generally coincident with visually dark arcas associated with
the broad axisyrmnetric region (~8° - 149 S) knownt as the South Faguatorial Belt (SEI13). The region
south of 14°S in the map of the extended area. is cooler. with temperatures of 114 - 116 K, and
it is more coincident with the lighter area in the 110-mmmap. The absolute temperatures derived
are generally some 3 - 5 K colder tha nthose reprorted by Voyager TRIS (Fie. 10 of ref. 9), possibly
arising [rom a diflercnce of abwsoh e radiometric ealibration.  (h 1 the other hand, Fig. 1) of ref.
9 also shows that the relative temperature variations are quite similar. although they are more

svinmetric inthe meridional @ior rth-south) direction,

The 500-mbar nap (Fig. 2) is both similar to and different from the 250-mbar map. The




coldes

tregior in the center of the GRS is 215 K, but it is surrounded by o warmer rine of

24 28 K locatec

i to he exterior of the boundary of the steepest 260-mbar temperature
gradients (except in the nort 1), Fxterior to this ring o the cast, west and sout 1, temperatures are

ar ntennediate 125 - 27 Ko The region north of 12°S latitude and east of 308°W longitude, which

rela vely warn ar 250 mbar. is also a warm 27 - 128 K. Unlike temperatures at 260 mbar,

the emdre extended region west of 335°W longitude appears o be the warmest at 128 - 131 K.

The 500-mbar teinperature differences between the interior and exterior of the GRS are generally

consistent with those derived from Voyager TRIS | 0). The bright ring avound the GRS has the

same morphology as the cloud-sensiiive 5-0m emission observed by NIMS 12). This coincidence

leads ns to snspect the influence of spatially variable optical thickness of an NHy condensate clond
e

on the npwelling radiance measured at 22 and 37 #me where brighter radiances indicate relatively

clearer regions of the atiosphere. H the 500-mbar temperature field were uniform. then the optical

thickness of a vertically thin NHy condensate cloud near 600 mbar pressure would need to increase

by ~J0 o ma ch the mean observed 37-pm upwelling radiance. Accurate cmperature ounding,

at this depth will require independent constraints on the clond opacity. from NIMS data, from the

PPRS-0m cut-on filter measurements. or {1om around-based N1y cloud-sensitive observations ad,
S.OT jon,

This observed cmperature and clond morphology are consistent with a model of the GRS as

an amicyclonic vortex with high clonds and adiabatic cooling associated with upwelling motions
(9.10), in which subsidence takes place at the immediate edge. Such a subsidence is consistent
with the sudden rise in tanperature and the appearance of an annulus of bright radiance at cloud-
sensitive wavelengths which denotes a relative clearing in Jhe cloud deck. Just as for the GRS
itselfe if one assumes that departures from constant cmperatures along isobars are proportional
to vertical winds, then the relatively cold 260-mbar temperatures north of the GRS that, mterrupt,

the normally warim S north of 129N may indicate that the arcas bright at 110 mn (I7g. 2)

are regions of npwelling. 3y hmplica jon, these bright areas may be at least partly comprised of

than thebr darker swroundings. If his mterpretation s

valid, 1en the

higher altitude particloes

)

H00-mbar maps show little sensitivity o the presence of these clouds in the field to the west of the




GRS (longitudes to the west of 335% W), cither becanse the upwelling is weak and the 500- mbar
temprerature difference too simall to imcasure 017 that the particles in these clouds are so small as
to be ineflective in scat terin g/absorbing the 22- and 37-7an radiation from which thie 50 0- mbar
temperatures ave largely derived. However, exceptions to the correlation between visually bright
and thermally cool arcas abound. including, the locally dark S1v7. which i s relatively cool, or
the visually bright region sonth of the GRS, a part of which is relatively warm. It is clear that
substantial revision will be required of the siinple paradigm that regions of upwelling, cold air are

assocCiated with saturated gas producing bright condensate particles.

The GRS temperature ficld will be further constrained by PPR G1 observations made at high
emission angles which have been completely reduced. Further cludcidation of the relationships
between the temperature field. circulation and cloud properties will al so beiade nsing G1mnaps

o nearly alllongitudes over a narrow latitude strip just north of the equator (13).
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Not long after the start of these extensive observations, the PPR filter wheel was found to
have remained at the position corresponding to the 37-jan discrete filter, despite coymmands
to move Lo other Hilter positions. Therefore all subsequent measurements, including almost
all the longitudes of this sequence, were made in the 37-7an diserete filter, and interpretation
of these data without independent constraints on clond properties. Our G1 calibration target
observations were also made only with this filter, which will make difficult, onr re-examination

of the radiometric calibration.
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Figure Captions

Figure 1. False color represent.ation of 17-pm daytime brightness temperatures on Ganymede (top)

compar ed with albe do patt erns dori vedfrom Voyager images (4) (bottom), s1 noothed to similar

spati alresolution.  Local time of day is given in the scale at the top: 12 *G anymed ¢ hours”

correspondstolocal 110011 " "I'he anticorrelation o f temperaiture and albedo is clearly scen. Streaky

strvicture in the lower left o ¢ the temperature map is an artifact. Steps in the e mperature scale

are at 2- Kelvininterval s,

Pigure 2. Maps of upper tropospheric temperatures at the Great Red Spot and vicinity at 250 and
500 mbar pressure. The region to the northwest was made in a separate observation sequence. T'wo
separate shading schemes are used i order to enhance the observability of detail. The maps were
made from a regular raster scanming pattern, The pattern for the 22-an filter is ilustrated in the
top panel on a reference background provided by a 410-mm map of the same region created from
a synoptic observation by the Hubble Space Telescope Wide Field camera kindly provided by Dr.
Kathy Rages. The fields of view from the diflerent filters were not coincident with one another.,
The value of a radiance measurement was assumed for the entive region covered by the instrument
field of view. Unlike the satellite maps. the large Great Red Spot area with was not sampled with
highly overlapping fields of view. Radiance in arcas not covered by adjacent fields of view was
interpolated. The arca from which temperatures were derived is slightly sinaller than the field of

view map show, as coverage by all filters was required.
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